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ProfBULANOV, Sergei V.
Particle and photon beams generated with accelerators and their instrumentations both for fundamental research and
practical applications are studied. The following subjects are being studied: Beam dynamics related to space charge force
in accelerators: Beam handling during the injection and extraction processes of the accelerator ring: Radiation mech-
anism ofphotons by electrons in the magnetic field: R&D to realize a compact synchrotron dedicated for cancer therapy;
and Irradiation ofmaterials with particle and photon beams.
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Ion Cooler Ring, S-LSR
Particle beams generated by an accelerator behave like
rays on the laboratory system but on the center-of-mass
system of the beams, the motions of the particles are random
and independent between each other. This status
corresponds to the gas phase of the matter. The reduction of
the relative motion of the particles is one of the most
important subjects of the beam physics. It leads to the
reduction of the beam size and the increase of the beam
density. The ultimate limit of the reduction of the relative
motion and the increase of the ion density is a phase
transition to a liquid phase and a crystal phase.
Recently the molecular dynamics computer simulations
predict the possibility of such phase transitions of the ion
beams [1]. The required conditions are a strong beam cooling
and a small heating from an accelerator. A laser cooling
method is best suited for the first condition. It is applicable
for the storage ring, not only for the ion trap [2]. In the
second condition, the beam heating comes from the various
field errors in the accelerator. The important point is not only
decreasing the field error, but also avoiding the resonance
between the particle motions and the field errors. From the
simulations, the smaller betatron phase advance in an
accelerator is considered to be better to avoid the resonane.
The predicted upper limit of the phase advance is 127 degree
per period [1].
The new ion cooler ring (S-LSR) is under construction at
Nuclear Science Research Facility, Institute for Chemical
Research [3]. Figure 1 shows the illustration of the ring. Its
circumference is 22.557m. It has a laser cooler for Mg+ with
the laser wavelength of280 nm. The ring satisfies the phase
advance less than 127 degrees and its minimum phase
advance is 87 degrees [4]. High precision of the magnet
fabrications, stable power supplies and good alignments are
in pursuit for the small field errors. Figure 2 shows the
photograph of the bending magnet and the quadrupole
magnet. The deviation ofthe magnetic field strength among
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Velocity Compliant Bunching Scheme with Amplitude
Figure 1 Schemmatic view of new ion cooler ring, S-LSR
Figure 2 Top view of a bending magnet and a quadrupole magnet for
S-LSR.
6 bending magnets is less than 10-4. The filed stability is less
than 10'5 [5].
S-LSR has also an electron cooler, which can cool
various ion species and suited for the reserches, such as a
short bunch beam formation, which can provide a new tool
of the pulse radio1ysis by ion beams [6]. S-LSR has a fast
kicker to extract the short bunch beam.
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